Objectives To determine (1) the incidence of surgical site infection (SSI) in patients undergoing soft tissue surgery at a veterinary teaching hospital and to study (2) and describe the main risk factors associated with SSI and (3) assess the economic impact of SSI. Design Prospective cohort study. Setting Veterinary teaching hospital. Participants 184 dogs undergoing soft tissue surgery during a 12-month period (October 2013 to September 2014). Primary outcome measure Surgical site infection. Results Out of the 184 patients analysed, SSI was diagnosed in 16 (8.7 per cent) patients, 13 (81.3 per cent) were classified as superficial incisional infection, 2 (12.5 per cent) as deep incisional infection and 1 (6.3 per cent) as organ/space infection. The administration of steroidal anti-inflammatory drugs (P=0.028), preoperative hyperglycaemia (P=0.015), surgical times longer than 60 minutes (P=0.013), urinary catheterisation (P=0.037) and wrong use of the Elizabethan collar (P=0.025) were identified as risk factors. Total costs increased 74.4 per cent, with an increase in postsurgical costs of 142.2 per cent.
AbstrAct
Objectives To determine (1) the incidence of surgical site infection (SSI) in patients undergoing soft tissue surgery at a veterinary teaching hospital and to study (2) and describe the main risk factors associated with SSI and (3) assess the economic impact of SSI. Design Prospective cohort study. Setting Veterinary teaching hospital. Participants 184 dogs undergoing soft tissue surgery during a 12-month period (October 2013 to September 2014). Primary outcome measure Surgical site infection. Results Out of the 184 patients analysed, SSI was diagnosed in 16 (8.7 per cent) patients, 13 (81.3 per cent) were classified as superficial incisional infection, 2 (12.5 per cent) as deep incisional infection and 1 (6.3 per cent) as organ/space infection. The administration of steroidal anti-inflammatory drugs (P=0.028), preoperative hyperglycaemia (P=0.015), surgical times longer than 60 minutes (P=0.013), urinary catheterisation (P=0.037) and wrong use of the Elizabethan collar (P=0.025) were identified as risk factors. Total costs increased 74.4 per cent, with an increase in postsurgical costs of 142.2 per cent. Conclusions The incidence of SSI was higher than the incidence reported in other published studies, although they were within expected ranges when a surveillance system was implemented. This incidence correlated with an increase in costs. Additionally new important risk factors for its development were detected.
IntRODuCtIOn
Surgical site infection (SSI) is one of the most common surgical complications. These infections are responsible for an increase in morbidity, mortality, prolonged hospital stay, increased costs and a negative impact on the emotional state of the owner. [1] [2] [3] [4] [5] [6] [7] In human medicine, a number of studies evaluate SSI in hospital and state-wide. However, that is not the case in veterinary medicine, where the development of this type of studies is relatively recent. These investigations have been conducted mostly in North America and estimate an incidence of SSI of 3.0-6.6 per cent. 3 4 7-9 The SSI surveillance systems used in these studies differ from those used in human medicine, since some are retrospective, some are not performed by trained personnel, some do not use a system of definitions that is up to date and some do not differentiate between inflammation and infection, making it difficult to obtain an accurate incidence and the detection of risk factors.
Despite the small number of studies and the early stages of implementation of SSI surveillance systems in veterinary medicine, the hypothesis of this study was that the incidence of SSI would be higher than that estimated in human medicine and that the risk factors associated with SSI would be similar to those existing in human medicine.
For all of these reasons, the objectives of this study were to determine the incidence of SSI in patients undergoing soft tissue surgery at a veterinary teaching hospital and to study and describe the main risk factors associated with SSI and to evaluate their economic impact.
MateRIalS anD MethODS
A prospective cohort study was performed. Canine patients that underwent surgery at a veterinary teaching hospital performed by the Soft Tissue Surgery Service were the population investigated in this study. Both male and female canine patients of all ages that required soft tissue surgery during the study period and who met the inclusion criteria were included in the study. Inclusion criteria included: soft tissue surgery carried out between October 2013 and September 2014. Dental, ophthalmological, orthopaedic and neurological procedures were excluded.
The data were collected from the clinical management software used in the hospital (Qvet) and the surgical and anaesthetic records. The SSI was classified as described in table 1 and other variables were classified as general variables (age, gender, reproductive status, breed, underlying pathology, administered treatments and number of follow-up appointments), presurgical variables (type of intervention, degree of contamination of the surgical procedure, type of surgical scrub of staff and patient, clipping performed under anaesthesia and laboratory abnormalities), personnel variables (identity of surgical, anaesthetic and auxiliary personnel, number of staff present in the operating room, undergraduate students involved in the surgical procedure), anaesthetic variables (American Society of Anesthesiologists (ASA) status classification, maintenance anaesthetic agent, locoregional blocks, existence of hypotension and hypothermia episodes), surgical variables (anaesthesia and surgery duration, use of drains, skin suture pattern, use of electrosurgery, scheduling nature of procedure, type of sterilisation system programme, surgical room where procedure was performed, reintervention) and postoperative variables (hospital stay, administration of postoperative antibiotics, blood products transfusion administration, feeding tube, urinary catheterisation and use of Elizabethan collar). An active surveillance system was used. Patients were checked up at the hospital by trained personnel on days 5 and 10 after surgery. The researcher did the final follow-up visit over the phone on day 30 after surgery. SSI was diagnosed and classified using the definition system 1010 described in table 1.
Categorical variables are expressed as rates per cent and measurable variables are expressed as mean (sd) and 95% CI. Categorical variables were compared by the Pearson chi-squared test with continuity correction or Fisher's exact test when at least 25 per cent of values showed an expected cell frequency below 5. Quantitative variables were compared by the Student's t test after evaluation of normal distribution test (Kolmogorov-Smirnov) and equality of variances. Quantitative variables without normal distribution were analysed by Mann-Whitney U test. All statistical analyses were performed with the use of SPSS software (V.17.0), and all reported probability values were two sided. Significance was assumed at the 5 per cent level (P<0.050).
The economic impact was analysed following the same methods used previously in both human and veterinary medicine models. Costs were classified as presurgical costs, surgical costs and postsurgical costs. The difference between the SSI group and the healthy group was expressed by mean difference and percentage increase.
ReSultS
A total of 184 surgical procedures were included in the study, of which 16 (8.7 per cent) developed SSI. Classification of SSI by type of surgery and type of infection is represented in table 2. The percentage of females (56.5 per cent) was slightly larger than that of males (43.5 per cent). The incidence in castrated patients was lower (21.7 per cent) compared with intact animals (78.3 per cent). The mean age was 72.7 months and the mean hospital stay length was 1.6 days long.
As to the general variables, differences were not found in the following variables: age (P=0.505), gender (P=0.302), breed (P=0.339) and reproductive status (P=0.334). Other variables such as underlying pathology (P=0.323) (respiratory diseases, neurological disease, kidney disease, leishmania disease, liver disease, endocrinopathy, coagulopathy, infection, tumour and heart disease) administered treatments (P=0.455) (antihistamines, chemotherapeutics) and laboratory abnormalities (P=0.821) were analysed and no association with SSI was found. However, administration of steroidal anti-inflammatory drugs was associated with SSI (P=0.028) (table 3) .
The type of surgical scrub used by staff and the patient, removal of hair and changes in cell blood count were not related to SSI. In the biochemistry blood work, presurgical hyperglycaemia increased the risk of developing SSI (P=0.015) (table 4) . Table 5 summarises the anaesthetic variables, and no significant relationship was found for any of them (ASA status, hypotension, hypothermia, maintenance anaesthetic agent or locoregional block). The number of people in the operating room, undergraduate students present and staff who performed the intervention did not act as risk factors in this analysis (table 6) .
All surgical variables were summarised in table 7. No association was found between the development of SSI and the degree of contamination, presence of drains, electrosurgery, scheduling, type of sterilisation system programme, operating room, reintervention and skin suture. The duration of intervention did not prove to be a risk factor, however, the duration categorised in more than 60 minutes was related to the development of SSI (P=0.013).
Finally, postoperative variables such as antibiotic therapy, antibiotic choice, administration of blood products and hospital stay (total, preoperative and postoperative) were not related to the development of SSI. The presence of urinary catheterisation (P=0.037) and the misuse of the Elizabethan collar during the early postoperative period (P=0.025) were identified as risk factors (table 8) . The use of the Elizabethan collar was evaluated in 73 animals (out of 184 total animals included in the study). The mean cost of a surgical procedure was €459.4. The mean presurgical cost was €94.4, the mean surgical cost was €111.3 and the mean postsurgical cost was €253.9. SSI surgical procedures showed a mean cost of €752.3 and non-SSI surgical procedures showed a mean cost of €431.2. The increase in mean cost in SSI surgical procedures was €321.1 (74.4 per cent increment compared with the non-SSI surgical procedures). Differences were not found in presurgical and surgical costs; however, postsurgical costs suffered a high increase in patients that developed SSI (€321.0 higher than non-infected patients, €225.7, which means an increment of 142.2 per cent). When postsurgical costs were analysed according to the type of SSI, the mean cost of superficial SSI was found to be €452.4, deep SSI €852.4 and organ/space SSI €1160.
DISCuSSIOn
The SSI incidence obtained in this study was greater than the incidence estimated by previous studies (3.0-6.6 per cent), 4 8 9 11 and this may be due to several reasons. First of all, the current study reported a higher proportion of contaminated and dirty surgical procedures compared with other previously published studies. In addition, the surveillance system used may also be responsible for the differences detected. In fact, the current study used standardised and up-to-date definitions 12 and that probably allowed a better detection of infections. On the other hand, all patients were checked up at the hospital by qualified personnel, which could also determine a better detection rate. In fact, an underestimation of SSI in primary care centres without specialised personnel has been described in human medicine. 9 Given these differences, it is important to emphasise that patients need to be checked up by qualified personnel. Additionally, where this check-up may not be performed by qualified personnel, awareness should be raised in primary care centres about the importance of SSI and the need to refer these patients to more sophisticated facilities. In human medicine, the SSI is the most common of all nosocomial infections (16.0 per cent of total infections) 12 being its overall incidence of 5.0 per cent. 13 In the region where this study was performed, the data published in 2012 by the surveillance system of healthcare-associated infections reported an incidence of 3.9 per cent. 14 However, the incidence obtained in studies conducted in the country where the study was performed in the 1990s during the early stages of implementation of SSI surveillance system in human medicine ranged from 9.3 to 9.7 per cent. 15 16 These data are similar to those obtained in the current study and it may be the reflection of the current stage of development of this surveillance system in the veterinary teaching hospital where the study was carried out. Therefore, these results may be considered an indication that the implementation of SSI surveillance systems in the future may help reduce the incidence of SSI. As for the risk factors studied, the degree of contamination of the surgical procedure has been widely studied in human medicine, and its involvement in the development of SSI has been solidly proven.
In veterinary medicine there is only one study 4 that proved this association between dirty surgery and the development of SSI. However, the current study did not find an association between the degree of contamination of the surgical procedure and the development of SSI. This difference could be due to the fact that the classification used in human medicine is not suitable to properly assess veterinary patients. In fact, the results of the current study are similar to those reported by Vasseur et al 8 in a study performed on a veterinary population.
Regarding the existence of concomitant endocrine disease in the present study, an association with the development of SSI was not found. In veterinary medicine, only one study has proved the association between concurrent endocrine disease and a greater risk of suffering SSI. 3 In human medicine, on the other hand, the consensus task force for surveillance of SSI considers that conditions such as diabetes or cancer could be potential triggers for the development of SSI. 17 However, this association is difficult to assess in veterinary medicine due to the low proportion of surgical patients with endocrine disorders.
An association was observed between treatment with corticosteroids and the development of infection, an association that had not been described in a veterinary study before. This result could be explained by the effect caused by these drugs on the immune system leading to the development of immunosuppression. Eugster et al 4 evaluated the effect of immunosuppressive drugs and found no association between their administration and the occurrence of SSI. This difference with the results of the current study may be due to the fact that this study evaluated all drugs as a whole and not individually. On the other hand, results in human medicine are controversial. In fact, Engquist et al 18 observed a significant increase in the risk of suffering SSI in patients treated with corticosteroids, however Cruse and Foord 19 did not.
Similarly, preoperative hyperglycaemia has been found to be a risk factor. Previous studies on the role that biochemistry abnormalities may play in the development of SSI have not been carried out in veterinary medicine. However, in human medicine a number of studies have investigated the involvement of hyperglycaemia in the development of SSI. In fact, it has been proven that hyperglycaemia causes a reduction in diapedesis and phagocytic activity, therefore reducing the destruction ability of intracellular bacteria by leucocytes. As such, hyperglycaemia has been identified as a risk factor for the development of SSI in human medicine. [20] [21] [22] The risk of infection according to the ASA classification was also analysed. The results of the present study showed that ASA classification was not a risk factor for developing SSI. These results are similar to those reported by Eugster et al. 4 However, in human medicine ASA classification is considered a proven risk factor for development of SSI by the Consensus Supervision of Surgical Wound Infection. 17 In fact, Garibaldi et al 23 showed the independent predictive power of ASA classification in a prospective study of 1852 patients.
As for the mean surgery time in both patients with and without SSI development, no differences were found between the two groups. However, when surgery time was categorised as under or over 60 minutes, the risk of developing SSI was larger in those surgical procedures that took more than 60 minutes. This finding is similar to the results obtained by other studies published in the veterinary literature that conclude that intervention time acts as a risk factor for the development of SSI. 3 4 8 11 24 Additionally, procedure duration in human medicine has been showed to be a risk factor for the development of SSI. 25 The involvement of anaesthetic complications such as hypotension and hypothermia in the development of SSI is controversial. The present study found no relationship between the development of SSI and the existence of anaesthetic complications. In veterinary medicine there have been two recent studies evaluating the relationship between anaesthetic complications and development of SSI and their results defer with those obtained in the present study. In fact, these two studies conclude that hypotension 8 9 acts as a risk factor for the development of SSI. In human medicine, it is well known that hypotension, hypothermia and hypoxia contribute to the development of tissular hypo-oxygenation. Additionally, tissular hypo-oxygenation has been shown to be a risk factor in the development of SSI by numerous studies. [26] [27] [28] [29] [30] [31] [32] As a result, most guidelines recommend maintaining optimal tissue oxygenation at all times. 33 In veterinary medicine, further studies of this relationship are needed in order to obtain adequate scientific evidence.
All patients in the current study received preoperative chemoprophylaxis following the recommendations published in human 12 22 33 34 and veterinary medicine 9 35 9 guidelines, regardless of the degree of contamination of the surgical procedure. However, it has to be emphasised that the only available guidelines in veterinary medicine are the result of the extrapolation of recommendations from human guidelines. 9 12 34-36 In fact, in human medicine the use of preoperative chemoprophylaxis has been widely studied and its administration is based on the degree of contamination of the surgical intervention. As such, the use of antibiotic therapy is indicated in all proceedings that are categorised as clean-contaminated and contaminated. However, its use in interventions that are considered clean is controversial both in human and veterinary medicine. In fact, its use should be based on certain conditions such as the duration of the surgical intervention. Eugster et al 4 showed that preoperative use of chemoprophylaxis, even in clean procedures, acts as a protective factor against the occurrence of SSI. For this reason, the decision was made to administer preoperative antibiotics to all the patients of our study.
The administration of antibiotic therapy in the postoperative period was also evaluated in the present study and no benefit was found in the continuation of chemoprophylaxis more than 24 hours postoperatively. Practice guidelines in human medicine recommend 12 the interruption of postoperative antibiotics 24 hours after the end of procedures that are classified as clean. The only available studies that evaluate postoperative chemoprophylaxis in veterinary medicine have been performed in patients that underwent orthopaedic procedures. These studies concluded that the administration of postoperative antibiotic therapy acts as a protective factor. 6 7 37 38 However, this could be explained by the fact that there are no studies that evaluate surgical procedures other than orthopaedic ones and these surgical interventions, although considered clean, are characterised by a high incidence of SSI. In human medicine, the use of postoperative antibiotics in clean procedures is not contemplated. In fact, a number of studies have concluded that the continuation of this treatment more than 24 hours postoperatively provides no benefit against the development of SSI and may even contribute to the occurrence of antimicrobial resistance. [39] [40] [41] [42] [43] No association was found between the placement of neither urinary catheter nor feeding tube with the development of SSI. However, when urinary catheterisation was analysed separately it proved to be a risk factor in the development of SSI. This finding has not been discussed previously in veterinary medicine. However, it could be explained by the proven association between the development of urinary tract infections (UTI) and the placement of urinary catheters. 44 In fact, the microorganisms responsible for the development of UTIs could easily be involved in the colonisation of surgical wounds.
Regarding the use of Elizabethan collar, an association was found between the lack of its use and the development of SSI. This phenomenon could be explained by the existence of certain degree of self-mutilation in veterinary patients when the healing surgical wound is not protected. As a result, the oral bacteria present in the mouth of dogs would directly contact the surgical site leading to the development of SSI. Many textbooks recommend the use of Elizabethan collar in the early postoperative period until the surgical wound is completely healed. 45 46 However, no previous published study had proven this relationship.
An added value of this study to veterinary medicine is the estimated economic impact of SSI that had only been previously evaluated by one single study. 47 In fact, the current study showed that the development of SSI entailed an increase of 74.4 per cent in the final cost of infected surgical procedures. It is important to highlight that the cost of the procedure itself was not considered when calculating the cost associated with the development of SSI. In fact, the great variability of procedures and their associated costs could have masked the true costs added by SSI. If costs were analysed separately, no difference was found between presurgical and surgical costs of healthy patients and those suffering from SSI. This is primarily due to the fact that these costs do not depend on the development of SSI, but rather on the underlying disease and the type of surgical procedure that the patient requires. However, postsurgical costs increased 142.2 per cent in infected patients. This increase is mainly due to the need for a greater number of follow-up appointments, the cost of additional treatment, as well as the performance of culture and antibiotic sensitivity tests. Those patients that required a second intervention to correct the consequences of SSI presented higher postsurgical costs, since a second intervention implied an additional increase in costs due to longer hospital stays and additional treatment. Additionally, the current study showed that postsurgical costs gradually increase depending on the type of infection. Thus, higher cost occurred in organ/space infections due to the therapeutic requirements of this type of infection which are much more invasive and expensive. Therefore, avoiding surgical infections is vital to preserve the patient's overall health status and to avoid unnecessary expenses. In fact, the implementation of surveillance and control systems for SSIs could reduce the economic costs and improve the service offered to patient and owner.
In summary, the implementation of SSI surveillance systems is necessary for the detection of its incidence as well as of the risk factors associated with its development. They would provide information that would allow the implementation of prevention and control measures that would help reduce infection rates and associated costs.
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